Prolonged survival in homozygous sickle cell anaemia has allowed increasing recognition of the effect of this disease on a number of organs including the kidney. Decreased concentrating and diluting ability and decreased urine acidification are early features;`-5 hyperkalaemia may occur, with or without hyporeninaemic hypoaldosteronism. 6 Children and young adults have increased total renal blood flow and increased glomerular filtration rate (measured isotopically). Recurrent haematuria may occur; in several series this has been 4-5 times more frequent from the left kidney than the right,7'8 although the proposed explanation (increased venous pressure due to the greater length of the left renal vein) has never been proven. Papillary necrosis may occur as a result of medullary infarction due to sickling or due to analgesic nephropathy. Lastly, and ofthe greatest prognostic importance, glomerular disease may occur, heralding (at least in some patients) an inexorable decline to end-stage renal failure.
Pathologically, the most striking feature is medullary fibrosis and loss of vasa recta.49 These findings are readily explained by the increased viscosity, increased osmolality, and decreased oxygen content of the medulla,2"10 resulting in occlusion of medullary vessels by sickled cells and development of collateral vessels which are not oriented to permit countercurrent exchange. Glomerular histological abnormalities have been reported even in children with supranormal glomerular filtration rate."' 4 A variety of histological appearances have been described, most frequently focal segmental glomerulosclerosis and mesangiocapillary (membranoproliferative) glomerulonephritis and occasionally membranous glomerulonephritis. Glomerular hypertrophy has been noted in several studies."'3 No longitudinal studies have been performed, and it is impossible to state with certainty whether these histological appearances simply represent different stages in the evolution of a single disease, or whether there is more than one cause of glomerular disease in sickle cell anaemia, but the presence of immune complexes in some and their absence in other biopsies suggest the latter. The pathogenesis of these changes is less certain than that ofthe medullary changes. Possible causative factors include mesangial phagocytosis of sickled cells,'5 an immune complex glomerulonephritis caused by release of autoantigens from ischaemic tubules,'6 and self-sustaining glomerular injury caused by glomerular hyperfiltration'7 and glomerular hypertrophy. '8"9 There is no convincing evidence of an increased incidence of post-streptococcal glomerulonephritis.
Glomerular disease may present with proteinuria (sometimes in the nephrotic range), microscopic haematuria and hypertension. Progressive renal impairment may first be noted because of worsening anaemia, owing to impairment oferythropoietin production.20'2' This may be worsened by aplastic crises, although there is no evidence that these are more common after the development of sickle glomerulopathy. Repeated transfusions at this stage may result in iron overload. Recognition of the severity of renal involvement may be delayed if reliance is placed on measurement of serum creatinine or creatinine clearance. Serum creatinine may rise outside the normal range only when glomerular filtration rate has fallen well below 50% of normal. This is partly due to the reciprocal relationship between serum creatinine concentration and glomerular filtration rate, but also because of increased tubular secretion of creatinine in patients with sickle nephropathy;22,23 creatinine clearance therefore overestimates glomerular filtration rate in these patients.
The first reports of long-term survival of sickle cell patients on dialysis appeared in 1974. Exchange transfusion may be required from the time of transplantation to prevent these complications. Initial analyses suggested that survival of patients with sickle cell anaemia on dialysis was comparable to that of patients with other primary renal diseases.27 However, these reports were based on small numbers and are subject to reporting and selection bias.
A recent report from Los Angeles has provided important new information on a cohort of 725 patients with homozygous sickle cell disease and 209 patients with sickle C disease followed over 25 years.40 Thirty-six patients developed renal failure (4.2% of the sickle cell patients and 2.4% of the sickle C patients), with a median age of onset of 23.1 and 49.9 years, respectively. The development of renal impairment was heralded by evidence of early renal involvement, including ineffective erythropoiesis, hypertension, proteinuria (including the nephrotic syndrome), and haematuria. Patients with renal failure were three times more likely to have a history of chronic restrictive lung disease, leg ulcers, or stroke than patients without renal failure. Cardiac function was not systematically investigated. No relationship was found between the number of painful crises during childhood and the later development of renal impairment, but analgesic consumption itself was not documented. In a subset analysis of patients who had undergone Southern blot analysis of betas gene cluster haplotypes, 9/10 patients with renal impairment had Firstly, institution of dialysis may have been unduly delayed, allowing the development of severe complications of renal failure. In particular, it is possible that the patients who are described as having recurrent 'respiratory distress syndrome' were in fact suffering from recurrent non-cardiogenic pulmonary oedema due to fluid retention.
Similarly, it is possible that many of the features of 'cardiac failure' described were in fact due to fluid retention as a result of advanced renal failure, and that the intracranial haemorrhages described were due to severe nephrogenic hypertension. Possibly, as for diabetics,43 dialysis should be instituted at lower levels of urea and creatinine than in patients with other renal diseases, particularly in view of the above mentioned unreliability of creatinine as a filtration marker in sickle nephropathy.
Secondly, undernutrition and underdialysis are well known to confer increased morbidity and mortality in patients receiving dialysis.44 '45 No information is given about dialysis prescriptions or assessments of adequacy of dialysis.
The third, and probably most important possibility, is that patients with sickle glomerulopathy also have more extensive damage to other organs than patients without glomerulopathy. In particular, it seems likely that there was more extensive cardiac damage in this group of patients. Cardiac damage may be difficult to recognize using traditional indices of systolic function because of increased preload and peripheral vasodilatation resulting from chronic anaemia, but may be clearly revealed by use of load-independent end-systolic indices.' The pathogenesis of cardiac disease may include sickling in the coronary microcirculation, iron overload, and cor pulmonale due to sickling in the pulmonary circulation. 47 Lastly, it should be remembered that many ofthe patients in this report entered dialysis programmes 10 or even 15 years ago, when dialysis was in its infancy.
What of the future? Much has been learnt about the pathogenesis of sickle glomerulopathy. The condition can be recognized early by paying attention to the results of urinalysis, the development of hypertension, and falling haemoglobin concentration. There is early evidence that angiotensin converting enzyme inhibitors, as in diabetic nephropathy, may lessen proteinuria and prevent progressive glomerular injury;48 protein restriction may also be of benefit, as in other progressive renal diseases. 49 The timing of initiation of dialysis treatment should depend as much on clinical features such as diuretic-resistant fluid retention, anorexia and nausea rather than waiting for the serum urea or creatine to reach pre-defined values. Once dialysis has been initiated, careful attention should be paid to avoidance of fluid overload, which may contribute to cardiac damage, and to adequate nutrition and urea removal. Attention should be paid to avoiding iron overload and consideration given to chelation therapy in multiply transfused patients. Hydroxyurea,34'5 in combination with erythropoietin, may improve erythropoiesis and thus lessen the chances both of iron overload and of HLA sensitization. In the future, this and other complications of sickle cell anaemia may be totally preventable by gene therapy. In the meantime, future clinical studies should concentrate on the exact causes of death in this group of patients; and on the prevention of progressive renal disease in patients with glomerulopathy. 
